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TYPES OF WHITE SPOTTING IN MICE' 

L. C. DUNN 
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THE occurrence of white spotting in the coats of col- 
ored mammals is one of the commonest phenomena en- 
countered by the student of variation and heredity. For 
a long time spotting was thought to be of the same nature 
as albinism, a condition in which no pigment is present in 
the fur and eyes, leaving the pelage clear white and the 
eyes pink. Many specimens of white spotted animals 
are still to be seen in museums masquerading as "partial 
albinos." 

As soon as the methods of experimental breeding were 
employed in studying such variations, albinism and white 
spotting were found to be genetically distinct. Albinism, 
because of the striking nature of the variation and its 
almost identical appearance wherever encountered was 
one of the first mammalian variations to be analyzed and 
its mode of inheritance is now well known. The case of 
white spotting is quite different. The spotting of most 
animals presents an extremely wide range of variation. 
An almost continuous series may be traced by the casual 
observer from the extreme spotting of white dogs with 
black eyes to the small star or blaze on the foreheads of 
some colored horses. The solid colored condition, gen- 
erally known as self, and spotting may thus in some in- 
stances be distinguished only by the presence 'of a few 
white hairs. Moreover, the inheritance of white spot- 
ting in different animals and of the various grades of 

1 The experiments reported in this paper were performed at the Bussey 
Institution, Harvard University, Forest Hills, Mass. 
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spotting in the same animal has been found by exper- 
iment to be distinctly different. Our knowledge of the 
hereditary factors and of the processes concerned with 
the development of pigment in the coat is still too frag- 
mentary for a satisfactory comparative exposition of 
the nature and causes of white spotting. The need at 
present appears rather to be for intensive experimental 
studies of variations in the most favorable species in 
which they occur. The white spotting of some species 
also provides excellent material for the study of the 
nature of genes with small quantitative effects either as 
main or as modifying factors. As a contribution to these 
ends the present report of experiments with white spot- 
ting in mice is offered. 

In the house mouse the whole range of variability in 
white spotting is found. At one extreme are black-eyed 
whites, with pigment occurring only in the eyes; at the 
other extremes are colored mice which have only a few 
white hairs on forehead, feet, tail or belly. The appear- 
ance of all possible intergrades between black-eyed 
whites at one end of the scale and animals closely resem- 
bling self at the other led Cuenot to suppose that all 
spotted mice differed from self by a single main spotting 
factor (P) which might be present in various conditions 
represented by factors with minor effects which caused 
the more apparent differences in amount of pigmented 
areas. The finer details and intergrades of spotting he 
regarded as purely somatic variations with no germinal 
(hereditary) cause. Later, however, Little (1915) bred 
spotted mice and classified all parents and offspring by 
estimating the percentage relations between white and 
colored spaces. He found that the "continuous" series 
of spotted forms consisted of two main types. One of 
these, black-eyed white, was characterized by a pelage 
practically all white with dark eyes. The other, piebald, 
was distinguished by the greater extent of pigmented 
areas down to and including mice with only a few white 
hairs dorsally and a small patch of white on the belly. 
Another type of spotted mouse known as "blaze" and 
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characterized only by a small white spot between the 
eyes was also removed from the continuous series by 
the work of Little (1917). This variation was apparently 
heritable, although subect to some variability in expres-- 
sion. Two types of piebald spotting, one with more and 
one with less white were likewise indicated in Little's 
data. He regarded these differences as possibly due to 
two distinct modifying factors of the piebald gene. In 
addition, crosses of black-eyed white with self-colored 
mice had produced two new spotted types, one with more 
and one with less white. The continuous series of 
spotted forms has thus been broken up on the basis of 
amount and distribution of spotting into a large number 
of fairly distinct types, two of them due to genes the in- 
heritance of which is known. The process of resolution 
has not reached its end yet, for. a great deal of variabil- 
ity exists within the various types, and the resolution of 
these variations into still more sub-types is possible. 
The specific objects of this study are to redefine the 
ranges of the main types of spotting in the light of in- 
creased data; (2) to find out, if possible, whether the 
conditions of spotting in the sub-types are due to dif- 
ferent combinations of the main genes or to distinct 
genes which modify the expression of the main genes. 

The two main types of spotting in mice are known re- 
spectively as black-eyed white and piebald. Little at 
first described black-eyed whites as spotted mice which 
were 95 per cent. or more white dorsally, later extending 
this limit to include mice which are 80 per cent. or more 
white dorsally. Certain yellow black-eyed whites were 
described by Little (1917) as exhibiting as little as 60 
per cent. of white in the dorsal surface. Evidence will 
be presented later to show that the range of black-eyed 
white variability is even greater than this and may in- 
clude mice with as little as 50 per cent. of dorsal white. 

Piebalds are much darker, i.e., have less white spot- 
ting than black-eyed whites. The piebalds born in my 
experiments have, with one or two exceptions, been less 
than 50 per cent. white dorsally with belly spotting rang- 
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ing from 12 per cent. to 85 per cent. of white. Other in- 
vestigators have recorded piebalds whiter than this2 and 
one or two of my crosses indicate that piebalds may ex- 
hibit as much as 60 per cent. or 65 per cent. white, al- 
though such animals have been extremely rare in these 
experiments. 

Genetically these two types of spotting are distinct, 
and each is due to a gene distinct from and independent 
of the other. When black-eyed whites are crossed with 
piebalds equal numbers of black-eyed whites and piebalds 
result. When black-eyed whites are bred inter se, blaek- 
eyed whites and piebalds result in the ratio of 2: 1. The 
black-eyed white condition is therefore due to a gene 
(symbol 14) acting with the gene for piebald (symbol s). 
Black-eyed whites are heterozygous for the gene W and 
are homozygous for s. Genetically they are TWwss. Pie- 
balds may be represented by the formula wwss, where w 
stands merely for "not-black-eyed white." These two 
genes, as is known from previous data (Little, 1915; 
Dunn, 1920), are neither allelomorphic nor linked, but 
entirely independent. 

As additional evidence of the distinctness of these 
types and to illustrate the comparative ranges as re- 
gards amount of white spotting on the dorsal surface, 
the data from a number of crosses between black-eyed 
whites and piebalds are presented in Table II, Cross 1, 
and Fig. 1 solid line. All mice in this as in other dis- 
tributions to be discussed were graded by estimating 
the amount of white in the coat. The two surfaces, dor- 
sal and ventral, were graded separately, the total of each 
surf ace being regarded as 100. The percentage of dorsal 
white was expressed as the numerator and the per- 
centage of ventral white as the denominator of a fraction. 
Thus a mouse entirely white dorsally and ventrally (ex- 
cept for pigment in the eyes) was graded as 100/100; 
while one with only a small patch of white ventrally was 

2 For instance, the race of pure Japanese piebalds described by Little 
(1917) which varied from 100 per cent. to 64 per cent. white dorsally and 
closely resembled black-eyed whites in amount of spotting. 
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graded 0/1, or 0/3, etc. The results can be easily trans- 
posed into Little's scale by simple subtraction of any 
grade from 100, since his percentage expressed the 
amount of color. For convenience, only the dorsal 
grades have been used in the tabulation, since the results 

6 K 

co 

, 1 

100 I90 I 80 170 60) 5 0 1 40 I30 120 10o 

Percent of dorsum white 
FIG. 1. Showing graphically the distribution as regards' amount of white 

spotting of (1) all black-eyed white, mice (dotted line); (2) offspring of crosses 
of black-eyed white by piebald (solid line) (3) offspring of cross, of black-eyed 
white by self brokenn line). 

obtained by using the ventral grades are in all respects 
similar. 

Of 323 mice raised from crosses of black-eyed whites 
by piebalds, approximately half (160) were 50 per cent. 
white or more; the other half (163) were spotted mice 
with less than 50 per cent. white; expected 161.5 of each. 
No mice were obtained early in the experiment which 
were from 55 to 51 per cent. white and it was thought 
that this zero class indicated a clear discontinuity be- 
tween the types. With larger numbers, however, three 
mice of this sort were born. That the division between 
black-eyed white and piebald at 51 per cent. is, however, 
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iot an arbitrary one is shown by the bimodal nature of 
the curve (Fig. 1, solid line), which divides itself near 
50 per cent.; by the closeness with which the actual as- 
sortment of TV and w (assuming the lower limit of W 
spotting as 51 per cent.) approaches the expected and by 
breeding tests of spotted mice slightly more and slightly 
less than 50 per cent. white. Those more than 50 per 
cent. white proved to be black-eyed white and those less 
than 50 per cent. white proved to be piebalds. 

The mode of the black-eyed whites in this distribution 
is at 95-86 per cent. white, although when all other black- 
eyed whites are added (Table II, Cross 8, Fig. 1, broken 
line) the main mode is found to be at 90-86. The range 
is from 100 per cent. to 51 per cent. and the mean of all 
black-eyed whites is 83.5 per cent. ?+.4 with a standard 
deviation of 11.4 per cent. ? .3. 

This establishes -a wider range of variability for the 
black-eyed white variation than has been current hereto- 
fore, by the addition to the distribution of the classes less 
than 80 per cent. white. It will be shown later in the sec- 
tion on modifying factors that these darker classes are 
not merely somatic fluctuations in the expression of the 
gene for black-eyed white (TV) but represent genetic 
variations. They may be regarded as sub-types of black- 
eyed white. 

PIEBALD 
The piebalds produced by the cross of black-eyed white 

with piebald are represented by that part of the solid line 
(Fig. 1) lying between 50 per cent. and 0 per cent. Un- 
like black-eyed whites, piebalds are not always distin- 
guishable on the basis of dorsal white alone, for some pie- 
balds have no white at all dorsally. In such cases the 
ventral white must be used as a criterion, and of the pure 
piebalds produced in this cross none had less than 12 per 
cent. of ventral white and this was used as the limit of 
piebald variability. All animals with 12 per cent. or 
more of ventral white and with from 0 to 5 per cent. of 
dorsal white were placed in the 0-5 per cent. class. The 
correctness of this classification can be inferred from the 
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closeness with which the numbers of piebalds resulting 
from various crosses (Table II) agree with the numbers 
expected on the assumption that the gene s segregates 
at random with regard to S, W, and tw. It is certain, 
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FIG. 2. Showing graphically the distribution as regards amount of white 
spotting of (1) all piebald mice (solid line); (2) piebald mice resulting in the 
second generation from a cross, of piebald by self (dotted line); (3) piebaldi ex- 
tracted from blalck-eyed whites (broken line). 

nevertheless, that all possible variations of piebald have 
not been met with in the distributions presented in Table 
II and Fig. 2. Little (1917) bred a race of pure piebalds 
which varied from 100 per cent. to 64 per cent. white dor- 
sally. These piebalds are entirely outside the range of 
the piebalds bred in the present experiments. Moreover, 
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since the conclusion of these experiments I have been 
able to isolate one family of piebalds characterized by 
from 0-10 per cent. of white dorsally and from 0-12 per 
cent. of white ventrally. They have even produced a 
small proportion of solid colored young which probably 
represents an extreme condition of piebald in connection 
with other subsidiary factors for the increase of pig- 
mented areas. Thus aside from the piebald mice ob- 
served in these experiments it can be seen that the geno- 
type "ss" (piebald) may vary somatically from solid 
colored to all white with dark eyes. 

As regards only the piebalds observed in this investi- 
gation (and this includes all the piebalds in the experi- 
ment, 437 in number) it can be seen by a glance at Table 
II, Cross 11, and Fig. 2 that they constitute a well-defined 
class ranging from 50 per cent. to 0 per cent. white dor- 
sally. Of the total (437) 295, or' 67 per cent., are less than 
10 per cent. white. They are less variable than the black- 
eyed whites, since the standard deviation of 302 black- 
eyed whites is 11.4 ? .3, while the standard deviation of 
437 piebalds is 8.6 ? .2. This difference is not due to the 
range which is 50 per cent. in each case, but to the group- 
ing of the piebalds in the two darkest classes while the 
black-eyed whites are distributed more evenly through- 
out the distribution. The mean and standard deviation 
of piebalds out of crosses with self (Table II, Cross 10) 
are significantly lower than the same constants from pie- 
balds out of crosses with black-eyed white. An inter- 
pretation of these differences is offered below in the sec- 
tion on modifying factors. 

The main difference between the black-eyed white and 
piebald condition is due to the presence in the black-eyed 
whites of a dominant gene (T14) which the piebalds lack. 
This gene in single dose, and in connection with the gene 
for piebald, limits the formation of pigment to, on the 
average, about 10 per cent. of the dorsal surface, though 
mice possessing this combination of genes may vary from 
all white with dark eyes to about 50 per cent. white. 

The piebald gene in double dose and acting alone per- 
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mits the formation of pigment on the average, in about 
85 per cent of the dorsal surface, although such mice may 
vary from solid colored dorsally (0 per cent. white) to 
100 per cent. white dorsally. 

There are certain other combinations of these genes 
possible, and by experiment these other combinations 
have been found to produce other spotted types. Some 
of these types have been found to be indistinguishable 
somatically from piebald, although differing from pie 
bald in genetic constitution. The experimental evidence 
bearing on the appearance, constitution and variability 
of such additional types follows. 

TYPE " A " SPOTTING 

When black-eyed white is crossed with self approxi- 
mately half of the progeny are spotted and half are self 
or exhibit at most only a small white ventral spot. From 
such a cross in the present experiments 76 young have 
been born, of which 40 were spotted and 36 were self col- 
ored (Table II, Cross 2). Little found that the self (or 
nearly self) young from such a cross were ordinary 
heterozygotes between self and piebald. The spotted 
young he found to be due to unions of gametes carrying 
black-eyed white and piebald (1W17s) with self gametes 
(wS) producing the double heterozygote WwSs. He 
called such spotted mice Type "A". The somatic ex- 
pression of this combination of genes has produced 
spotted mice varying from 0 to 45 per cent. of white dor- 
sally (Fig. 1, broken line, and Fig. 3, dotted line). The 
distribution as regards amount of white dorsally is seen 
from this figure to resemble closely the distribution of 
piebald in range, while the mode of Type "A" is at 5-0 
per cent. and the mode of all piebalds is at the same point. 
The mean of all Type "A"s raised (83 in number) was 
7.9 ? .6 per cent. white dorsally with a standard devia- 
tion of 8.4 ? .4. This is very close to the mean of all 
piebalds (9.7 per cent. white) and almost identical with 
the mean of piebalds extracted from crosses of piebalds 
with self (S.05 ? .3). Moreover, Type "A"s which have 
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no dorsal white may be characterized by an extremely 
small amount of ventral white. Ordinarily mice with less 
than 12 per cent. of ventral white may be classed as self. 
I mated together two such apparently self animals out 
of a cross of Type "A" by piebald. Each had a small 
white spot on the belly only covering 4 per cent. of that 
surface in one of the mice and 5 per cent. in the other. 
They produced two litters, each of which contained two 
black-eyed white mice. They were Type "A" mice and 
not selfs as they had been recorded. A similar case has 
been reported by Little (1917) in which eleven yellow 
mice with 6 per cent. and more of ventral spotting proved 
on breeding tests to be Type "A". That an extreme of 
Type "A" spotting approached the self condition so 
closely was not discovered until most of the animals had 
been graded. It is possible, therefore, that where Type 
"A" and self animals appear in the same distribution, 
the self class may be factitiously enlarged at the expense 
of the Type "A" class, due to errors in grading. Type 
"A" spotted mice are hence indistinguishable somatically 
from piebalds, and in certain cases, from self s, although 
possessing a genetic constitution entirely different from 
either of these latter forms. 

TYPE " C" 

There remains one other type of spotting to be dis- 
cussed which like Type "A" and piebald has a different 
genetic constitution, but which is difficult to distinguish 
from either Type "A" or piebald. Such mice are pro- 
duced when Type "A" animals are interbred. Each 
Type "A" produces gametes WS, Ws, wS and ws which 
by random union give the following array of zygotes: 

4 pure for W which are non-viable and die in utero. 
4 WwSs-Type "A" 
2 wwSs s 
1 WWSSs 
2 WIVwss-black-eyed white 
2 WwSS-dark spotted (Type "C") 
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1 wwvss-piebald 
16 

The visible distribution should consist of approximately 
2 black-eyed whites, 7 spotted, and 3 self. The experi- 
mental numbers for this cross (Table I, Cross 4) in the 
present study are 16 black-eyed whites, 27 "spotted,"3 
and 18 selfs. Among the spotted forms is included a new 
genotypic class consisting of mice which are heterozygous 
for IWV but pure for self. Little called this genotype 
"dark spotted, " but since somatically it is ino darker than 
other spotted types I shall refer to it arbitrarily as Type 
"C." *Some of the spotted mice from the above cross (4) 
were tested by crossing them with piebalds. If the mouse 
tested were piebald, it should produce only spotted (pie- 
bald) mice; if it were Type "A" it should produce black- 
eyed whites, spotted and selfs; while if it were Type "C" 
it should produce only spotted (Type "A") and self. 
Out of a number of mice so tested only seven proved to 
be Type "C" and the only evidence available on the ap- 
pearance of Type "C" mice is from the appearance of 
these tested animals. Five were less than 5 per cent. 
white dorsally; one was 7 per cent. white and one was 8 
per cent. The white spotting in all of them was confined 
to the head, either as a spot on'the nose or between the 
eyes ("blaze"). It is to be regretted that no animals 
from this cross with less than 12 per cent. of ventral 
white were tested, since it seems probable from the ex- 
cess of selfs recorded that some mice graded as self and 
were really Type "C." The same excess of selfs was 
noted in a larger amount of data on this cross reported 
by Little. Its significance is probably the same, that is, 
it is due to the production of an extremely small amount 
of spotting by the genetic Types "A" and "C." 

Crosses of Type "C" with piebald produced a total of 
85 offspring (Table II, Cross 6), of which 43 were spotted 
and 42 were self (expected 42.5 of each). The spotted 

3 Under the general term ''spotted ' are included all those genotypes 
which are somatically indistinguishable when occurring in the same distri- 
bution, viz., Type "A," Type "C," and piebald. 
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mice were genetically Type "A" (WVwSs) and their dis- 
tribution is shown graphically in Fig. 3, broken line. 
This distribution resembles that of the Type "A"s pro- 
duced by crossing black-eyed white with self, except that 
the former are somewhat less variable, due to the ab- 
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FIG. 3.Showing graphically the distribution as regards amount of white 
spotting of -(1) offspring fr-om. crosses, of T~ype A' by piebald (solid line) ;(2) of 
all T ype A mice (,dotted line) ;(3) offspring of crosses of Type C by piebald 
(broken line). 

-sence of classes lighter than 25 per cent. white, and their 
mean is somewhat lower for the same reason. These 
differences are probably due to the selection of dark Type 
"C "s as parents and it will be seen later that the darker 
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spotted types probably carry modifying genes which 
have a pronounced effect in increasing the; amount of 
pigment present. 

Many crosses were made between Type "A" and pie- 
balds with the object of determining whether the genes 
W and s were linked or independent. All offspring from 
this cross were also graded for variation in amount of 
white spotting. The distribution of the 443 offspring 
(Table II, Cross, and Fig. 3 solid line) indicates the cor- 
rectness of the ranges already established for three types 
of spotting, since black-eyed whites, " spotted" (Type 
"A" and piebald) and selfs resulted in the expected ratio 
of 1: 2: 1. The range of the black-eyed whites was from 
100 to 56 per cent. white; and "spotted" from 50 to 0 per 
cent. white. The mean of the black-eyed whites was 84.7 
per cent. ? .6 of white dorsally with a standard deviation 
of 10.3 + .5, which values correspond closely to those cal- 
culated for the cross black-eyed white X piebald (Table 
II, Cross 1). The mean of the mixed spotted was at 11.6 
per cent. ? .5 compared with 12.5 per cent. -- .6, the 
mean of the piebalds in Cross 1. It may be inferred from 
this that the residence in the same Type "A" zygote of 
the genes W and self has had per se no darkening effect 
on the black-eyed whites and spotted subsequently ex- 
tracted. 

SELF 

Data on the ranges of variability of white spotted mice 
would not be complete without some reference to the 
variability exhibited by mice which by all tests which 
have been applied to them are genetically self mice, i.e., 
lacking the genes at present known to cause white spot- 
ting. The heterozygote between self and piebald is gen- 
erally regarded as self, that is, self is supposed to be 
completely dominant to piebald. But in a number of 
cases in these experiments heterozygotes between self 
and piebald have exhibited a small spot of white on the 
belly, covering never more than 12 per cent. of the ven- 
tral surface. This occurrence has been remarked by 
Little in the case of Type "B" mice resulting from the 
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cross black-eyed white by self. Further reference will 
be made to these mice in the section on modifying factors. 
In addition certain mice have appeared which exhibit 
only a small white spot in the form of a "blaze" of white 
hairs between the eyes which may or may not be acconi- 
panied by a small belly spot. Such mice have proved to 
be self in distinction from piebald since when mated inter 
se they have produced 15 self-colored mice lacking any 
spotting and 6 piebalds, indicating that both "blaze" 
parents were selfs heterozygous for piebald. When 
tested by crossing with pure piebalds, such "blaze" mice 
have produced 55 selfs and 39 piebalds. Certain of the 
selfs had a small white spot (always less than 10 per 
cent.) ventrally, and it is possible that these may be pie- 
balds. If so, the ratio of 1 self: 1 piebald may be more 
closely approached, indicating that the small white dorsal 
spot is a non-genetic imperfection of dominance occurring 
in self mice heterozygous for piebald. None of the " self " 
progeny from crosses of blaze with piebald exhibit any 
dorsal spotting. One other possibility is that the blaze 
may be due to a separate gene either identical with or 
similar to the gene which differentiated the blaze mice 
reported by Little. The second or other segregating gen, 
eration which is critical for determining this point has 
not been bred. Of course the term self should apply 
properly only to mice which show no trace of white spot- 
ting. Genetically it is the sum of the factors producing 
the normal solid coat of the wild mouse and as such 
should be always the same unless new mutations take 
place or unless certain somatic variability exists uncon- 
nected with a germinal cause. Sufficient data in the case 
of the dorsal spottilng of apparently self mice are not at 
present available to decide between these alternatives. 
Ill the case of the small belly spotting, as will be seen 
later, the case is somewhat different. 

For convenience in reference the range of variability 
of each of the several genotypes discussed above has 
been placed in tabular form (Table I). All ranges ex- 
cept that for piebald (line 3) have been drawn from ob- 
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servations by the writer and all data in the tables and 
figures of this report have been tabulated according to 
these ranges. Such a table is approximate and may be 
only temporary, for the breeding of larger numbers of 

SUMMARY OF RANGE DATA 

TABLE I 

Per Cent. of Dorsal Per Cent. of Ven- 
Type of Spotting Genotype White tral White 

1. Black-eyetl white .Wwss 100 to 50 100 to 85 
2. Piebald (present series) . wwvss 50 to 0 1 85 to 12 
3. Piebald (other data) . wtvss 100 to 0 85 to 0 
4. Type A . .WwSs 45 to 0 90 to 4 
o. Type C.. WvSS 8 to 0 50 to 15 
6. Self ... wvSS or 

wwSs 3 to 0 I 12to 0 

spotted mice may increase the range now attributed to 
each type. Whether the ranges of variability represent 
the norm for each type is not at present known, nor can 
it be known until each type by inbreeding or other suit- 
able methods has been separated from the subsidiary 
factors which, as it will appear, alter the expression of 
the main spotting factors. 

MODIFYING FACTORS 

The general result of the foregoing discussion is sim- 
ply an exposition of the great amount of variability ex- 
istent within each type of spotted mice, all of which are 
identical as regards the main genes now known to deter- 
mine white spotting. The question naturally arises, if 
a mouse with a coat entirely white except for pigment in 
the eyes and a mouse in which the dorsal surface is 
equally divided between pigmented and white spaces are 
genetically identical as regards the main genes IV and s, 
how then do they differ? Is each merely a somatic va- 
riation (fluctuation) of a genetic complex determining a 
combination of colored and white spaces halfway between 
these extremes? Or do other genetic factors in com- 
bination with the main spotting genes determine greater 
or less amounts of pigment in the coat? 

If we adopt the fluctuation hypothesis then we must 
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demonstrate that the amount of spotting in the offspring 
is not correlated with the amount of spotting in the 
parents. Being due to non-genetic causes, the variations 
within the type should appear purely at random. An ex- 
cellent example of this kind of variation has been com- 
municated in a paper read before the American Society 
of Naturalists at their December, 1919, meeting by Dr. 
Sewall Wright. The piebald pattern of guinea pigs ap- 
peared in his experiments to be determined primarily by 
one recessive Mendelian gene, the expression of which is 
altered through extremely wide ranges by environment, 
sex and the uncontrolled vagaries of development. 

The second explanation presumes the occurrence of 
modifying genes separable in heredity from other genes 
for spotting, yet only coming to expression in the pres- 
ence of the main gene or genes for spotting. If this be 
true, the various grades of spotting within any type such 
as black-eyed white should be heritable. The amount of 
spotting in the offspring should be definitely correlated 
with the amount of spotting in the parents. Whiter 
black-eyed whites, for example, should have whiter off- 
spring; and darker black-eyed whites should have darker 
offspring. Little has found some evidence that this may 
be true of certain grades of piebald, for he noted that the 
offspring of hybrids between selfs and piebald tended to 
cluster about the mode of the particular piebald grand- 
parents. 

The experimental test of these diverse explanations 
has in the present experiments consisted of crossing 
mice of one spotted type with lighter (much spotted) 
and darker (little spotted) mice of another type. The 
offspring of the lighter and darker matings have then 
been compared as to mean and range. Some matings 
of lighter types inter se and darker types inter se have 
been made, and while these have not yet yielded enough 
offspring to have a decisive bearing on the question, 
they indicate that black-eyed white and piebalds with 
more white spotting than the mean of their respective 
types and with amounts of spotting below the mean 
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breed fairly true to these different conditions. The re- 
sults of the first mentioned matings have shown in gen- 
eral that the altered expression of the spotting factors 
TV and s in the direction of more or less white spotting is 
definitely transmitted to the offspring. The evidence on 
this point is presented in Table II. 

Cross I of this table presents the distribution of off- 
spring of crosses of black-eyed whites with dark pie- 
balds, viz., those with dorsal white spotting ranging 
from 0-10 per cent. Among the black-eyed white parents 
all grades of spotting were approximately equally rep- 
resented. The mode of the black-eyed white offspring is 
at 85 81 per cent. of white, the mean of white spotting 
is 80.5 per cent. ?+.7 per cent., and they range from 100 
to 51 per cent. white, with a standard deviation of 11.65 
- .5. The piebald young have a mean grade of 10.9 + .4 
per cent., a standard deviation of 8.1 ? 3, and all grades 
of piebald from 0 to 50 per cent. white are represented, 
although the majority is less than 20 per cent. white. 
With these crosses are to be compared the offspring of 
Cross 2, of which the parents were black-eyed whites of 
the same grades as were used in Cross 1, and light pie- 
balds, viz., those which were more than 10 per cent. white 
dorsally. The black-eyed white young were centered 
about a mode at 95-91 per cent. white; their mean is 
88.5 per cent. + t8 per cent., and their standard devia- 
tion 7.8 ? .5. Their range is considerably less than the 
range of black-eyed whites in cross 1, due to the absence 
from the distribution of all classes less than 70-66 per 
cent. white. The piebald young from Cross 2 have a 
mean of 16.4 ? 1.2 per cent. white and a standard devia- 
tion of 12.1 ?+.8. The range of the piebalds is the same 
as in Cross 1, but the lighter classes are more heavily 
represented than in Cross 1, and this is reflected in the 
higher standard deviation. 

These crosses are a test of the nature of the differ- 
ences between darker and lighter piebalds. That such 
differences are genetic is clearly shown by the results, for 
the lighter piebalds have appreciably lighter offspring 
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than the darker piebalds. The difference in the means 
of white spotting in the offspring of the two crosses is 
significant when the errors are considered.4 When we 
consider the kinds of individuals produced, we find that 
the darker piebalds produce certain classes of young 
which the lighter piebalds do not produce. The darker 
piebalds appear to possess then a factor or factors deter- 
mining an increase in the amount of pigment produced 
and a consequent decrease in the amount of the white 
spotting. The lighter piebalds do not give evidence of 
possessing these genes or if they do possess certain of 
them they do not at any rate possess the number or the 
kinds which are apparent in the darker piebalds. It is 
to be especially noted that such modifying genes produce 
effects equally on the amount of black-eyed white spot- 
ting and on the, amount of piebald spotting. 

In the above case the assumed modifying genes came 
from piebalds differing in amounts of white spotting. 
In crosses 3 and 4 (Table III) their effect has been tested 
when entering in connection with black-eyed white spot- 
ting. The spotting produced in Type "A"s (WwSs) 
must be due to the gene TV for animals of the formula 
Ss are not spotted except for certain imperfections of 
dominance already noted. Darker Type " A "s (0-10 
per cent. white dorsally) and lighter Type "A"s (more 
than 10 per cent. white) were tested by mating with pie- 
balds of varioUs grades ranging from 20 per cent. white 
to 0 per cent white. The young from darker Type "A"s 
X piebald (Cross 3) were of three sorts as expected, 
black-eyed whites, "spotted" (comprising Type "A"s 
and piebalds) and selfs in the approximate ratio of 
1: 2 1. The mean of the black-eyed whites was 81.3 ? .8 
per cent. white, which is about the same as the mean of 
black-eyed whites out of dark piebalds. They varied 
from 100 per cent. to 56 per cent. white with a standard 
deviation of 10.3 +?.6. The "spotted" young from this 
cross had a mean grade of 8.6 per cent.-.5, a range 

4 The difference in nlean grade of offspring of lighter and darker parents 
is 8.0 ? 1.00, or more than 7 times the probable error. 
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from 50 to 0 per cent. -white and a standard deviation of 
8.9 ? .3. 

In Cross 4 the piebald parents were of similar grades 
to those used in Cross 3 while the Type "A" parents 
were all more than 10 per cent. white dorsally. The 
black-eyed white young from this cross had a mean grade 
of 91.7 ? .7 per cent. white. They varied from 100 per 
cent. to 76 per cent. white with a standard deviation of 
6.19 ? .5. The " spotted " young (Type " A " and piebald 
mixed) were of mean grade 17.2 ? 1.0 per cent. white, 
and varied from 50 per cent. to 0 per cent. white, with a 
standard deviation of 13.2 ? .7. In general the offspring 
of the lighter Type "A" parents were characterized by 
about 10 per cent. more white spotting than the offspring 
of the darker Type "A" parents. The difference of the 
parents in amount of spotting is thence reflected in sim- 
ilar differences in their respective offspring. 

The indications from the tests of Type "A" spotted 
mice are that the same modifying factors which were 
assumed to cause the variation in the amount of spotting 
in piebalds cause also the variation in the ;expression of 
the gene TV as evidenced in Type "A" spotting. Here 
also certain classes of dark black-eyed whites appear 
when dark Type "A"s are bred which are absent from 
the young produced by lighter Type "A"s. This ab- 
sence is witnessed by the significantly lower variabilities 
of the black-eyed white offspring of both lighter piebald 
and lighter Type "A"s. The effect of the modifiers is 
the opposite when acting on the piebald and spotted off- 
spring of these crosses. The piebald offspring of lighter 
piebald and Type "A" parents have a greater range 
and consequently a higher standard deviation than the 
piebald offspring of darker parents. The darkening 
modifiers add darker classes to the black-eyed white 
range but subtract from the lighter classes of piebald, 
lowering in general the amount of white in each type. A 
"light" piebald, namely, one near the upper limit of pie- 
bald spotting and lacking the dark modifiers, may thus 
be similar in appearance to a "dark" black-eyed white, 
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namely, one near the lower limit of black-eyed white 
spotting and possessing the dark modifiers. Such con- 
fusion is not apt to occur in the progeny of single pairs, 
for if the parents possess the modifiers, dark black-eyed 
whites will be produced, but also dark piebalds, leaving 
an appreciable gap between the two types. 

THE NATURE OF THE MODIFIERS 

The effect of the same modifying genes upon the ex- 
pression of both black-eyed white and, piebald spotting 
furnishes certain information concerning the nature of 
the modifying genes themselves. The main spotting 
genes IWV and s have been found to be properties of dis- 
tinet loci indifferent chromosomes (Duim, 1920). There- 
fore the gene or genes which modify both WI4 and s must 
determine the general conditions underlying the forma- 
tion of pigment in the coat rather than specific Gondi- 
tions associated with a particular spotting gene. From 
the present evidence it appears to the writer that these 
modifying genes alter the internal environment of en- 
zynve and chromogen upon which the main spotting genes 
W and s act to bring about their specific effects. The 
darkening modifiers appear to increase the general 
amount of color forming substance. 'In the presence of 
such modifiers both W and s produce relatively less than 
the normal amount of white' spotting. 

THE SOURCE OF THE MODIFIERS 

The genes modifying the, amount of white spotting in 
the ,mice used in these experiments appear to have, come 
from certain self mice with which black-eyed white's and 
piebalds had been crossed. The black-eyed white stock 
used was originally bred by Dr. J. A. Detlefsen and 
reached this laboratory through a fancier. When first 
bred inter se no grading records. were kept, but I am cer- 
tain that no black-eyed whites were produced which were 
less than 70 per cent. white. This agrees fairly well with 
the range of the black-eyed whites bred by Little. The 
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piebalds used were obtained originally fromn fanciers. 
Sixty-five such piebalds varied from approximately 50 
per cent. white to 0 per cent. white dorsally, with a mean 
grade of about 22 per cent. white dorsally. When these 
had been crossed with self mice 278 piebalds extracted in 
the second generation averaged 8 per cent. white dor- 
sally. Their range was approximately the same as that 
of the original piebalds but the darker classes between 
0-10 per cent. white had been greatly enlarged. It is 
probably from this cross that the darkening modifiers 
were introduced into the piebald stock, for the piebalds 
used in all subsequent crosses were descended from these 
extracted piebalds, most of which showed but little white 
spotting. It might be supposed that the darkness of the 
extracted piebalds could be explained on the basis of con- 
taminatioll of the piebald gene during its residence; in 
self animals. That this is not the true explanation is in- 
dicated by other results. The cross of black-eyed white 
X piebald (Table II, Cross 1) yields black-eyed white 
progeny with a mean grade of 82.8 per cent. and pie- 
balds averaging 12.5 per cent. The cross Type "A" 
X piebald (Table II, Cross 3) yields black-eyed white 
young with a mean grade of 84.8 per cent. white and 
"spotted" young, with a mean grade of 11.6 per cent. 
white. The means in the two crosses do not differ sen- 
sibly. Yet Type "A" is heterozygous for self and the 
young it produces should exhibit contamination if any 
takes place. Certain of the selfs with which piebalds 
were crossed originally, and certain s~elfs with which 
black-eyed whites were crossed later to produce Type 
"A '"s appear to have contributed modifying genes which 
could have had 1no expression in the self mice, since' these 
lacked the main spotting genes. Not all selfs are genlo- 
typically similar in respect to the modifiers, since from 
crosses of black-eyed whites with certain selfs has arisen 
a lighter strain of black-eyed white which is now being 
bred, while from other self s has come a darker strain of 
black-eyed white which probably possesses the modifiers. 
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The probable existence of additional genes in mice of 
the nature of modifying factors has been stressed be- 
cause it is felt that animals which can be easily bred in 
the laboratory should be thoroughly explored genetically, 
in order to find out characters not known at present. As 
the number of genes approaches the number of chromo- 
somes, the probabilities of finding linkage become greater 
and it is through the investigation of linkage and the 
localization of the hereditary determiners that the most 
exact knowledge concerning the nature of the hereditary 
material can be secured. 

INHERITANCE OF BELLY SPOTTING 

Before concluding this discussion of modifiers of white 
spotting in mice some evidence may be added which bears 
on the appearance of a small amount of white spotting 
on the bellies of mice which are genetically self as re- 
gards TV and s. Piebald spotting has been regarded as 
the recessive allelomorph of self or uniform coloration, 
and all the evidence from crosses between 'these two 
varieties supports this view. It has been noticed, how- 
ever, that the heterozygotes resulting in F1 are not al- 
ways exact duplicates of the self parents. Where large 
numbers have been bred, investigators have always 
found F, animals with some white spotting, usually con- 
sisting of a patch of white on the belly not exceeding 12 
per cent. of the ventral surface. 

Records of experiments in the present investigation 
disclosed this apparent imperfection of dominance, and 
all animals resulting from the cross of piebald with self 
have been graded according to the per cent. of white 
spotting exhibited. A tabulation of these records shows 
that out of 51 pure piebalds bred to self mice, 36 pro- 
duced only self mice with no white hairs; 15 produced 
some perfect self and some with white hairs. Of these 15 
parents only 7 produced more than one young showing 
any white spotting. 557 young resulted from all piebald 
X self matings, of which 524 showed no trace of spotting 
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while 33, or about 6 per cent., showed one or more white 
hairs. The spotting in the F, mice was confined to the 
ventral surface,5 usually in the center of the belly. The 
minimum size of this spot was a few white hairs, its 
maximum extent was 12 per cent. of the ventral surface, 
and its average extent was 3 per cent. of the ventral sur- 
face. All young produced by this cross must be regarded 
as selfs since all produced young, when interbred, in the 
ratio of three selfs to one piebald. What, then, is the 
cause of the appearance of certain animals in F1 which 
show some characteristics of the recessive parent? 

There may be two answers to this question: (1) the 
apparent imperfections of dominance in F, may be due 
to fluctuations in the somatic expression of the piebald 
gene when present singly in the zygote; (2) they may be 
due to a definite gene or genes for a small amount of 
ventral spotting in mice heterozygous for piebald. 

As evidence for the first view we have relevant data 
in the experiments just reported. An analysis reveals 
that the production of young with small amounts of 
white spotting is not correlated with the somatic appear- 
ance of the piebald parents since in amount and distribu- 
tion of spotting these parents as a class are not distin- 
guishable from the parents which produced only true 
self young. On the other hand, practically all the spotted 
F1s which were produced by individual piebald parents 
had for their. other parent a particular self animal. Ap- 
parently the selfs as well as the piebalds varied in the 
power of producing slightly spotted young. Causes in- 
fluencing the production of this small amount of spotting 
in F1 may have been contributed by the self parents, al- 
though the posibility that part of the causes came from 
the piebald parents is not excluded by the evidence. If 
this be accepted as evidence that selfs share in the pro- 
duction of slightly spotted mice, then certain selfs must 
differ genetically from other selfs, and the point of dif- 
ference may be a separate recessive factor for ventral 

5 With the exception of the few dorsally spotted mice referred to on p.-. 
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spotting, which is expressed in the presence of but one 
dose of piebald. 

On this view, self animals which, when bred to pie- 
balds, produce animals with small amounts of ventral 
spotting, must be heterozygous for a recessive gene for 
such spotting. Moreover, the piebald parents must also 
be heterozygous in the same gene. This is required by 
the evidence. 15 pairs of parents producing young with 
some white gave; a total of 151 young, of which 33, or 21 
per cent., showed some white. This is nearly a ratio of 
three perfect selfs to one with some white, and if the 
cause of the small spotting is a gene, both piebald and 
self parents must have been heterozygous for it. The 
presence of such a gene in piebald mice is difficult of 
demonstration, since when bred together piebald mice 
produce only piebalds, with their characteristic dorsal 
and ventral spotting, which obscures the action of any 
genes for spotting of the ventrum only. 

A summary now partially completed shows that the 
peculiarity of small belly spotting in "self" mice does 
not breed true. Matings of " belly spot " X " belly spot " 
have produced 70 young of which 57 were graded as self 
(viz., having either no white spotting or less than 12 per 
cent. white ventrally) while 13 were clearly piebald. In- 
dividual tests showed that all belly spotted mice bred 
were heterozygous for piebald, so this ratio is probably 
a deviation from a 3: 1 ratio. Of the 57 " selfs,"Y 41 had 
some ventral spotting like the parents, while 16 were true 
selfs without any white hairs. The appearance of these 
true selfs, and the fact that all belly spotted mice tested 
were heterozygous for piebald indicate that the assumed 
gene for belly spotting is only expressed by mice which 
are heterozygous for piebald. The 'total distribution 
from the matings just referred to resembles somewhat a 
1: 2: 1 ratio, which would be expected if selfs hetero- 
zygous for piebald show by reason of an imperfection in 
dominance, a small amount of ventral spotting. The 
distribution tabulated on this assumption follows: 
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Sl(S Self (Belly-Spot) 
Self (AS') 8elf -+x Piebald ss Total 

Observed ............. 16 41 13 70 
Expected ..... 17.5 35 17.5 1 70 

That the variation is inherited is argued by the much 
greater frequency of belly spotted individuals in the off- 
spring of parents showing the characteristic than in the 
total progeny of all self X piebald matings. In the prog- 
eny of belly spotted mice 71 per cent. of all selfs were 
belly spotted, while of all selfs heterozygous for piebald 
only 6 per cent. were belly spotted. The problem is 
doubtless complicated (as are probably all spotting prob- 
lems) by the occurrence of a certain amount of uncon- 
trollable somatic variation in the expression of the genes, 
by reason of which the truly genetic variations cannot 
always be isolated with certainty. In addition the last 
mentioned modifier seems to be dependent for expres- 
sion on a particular complex of genes, namely, the pres- 
ence in one individual of one dose of piebald and one of 
its normal allelomorph (Ss). 

SUMMARY OF MODIFIERS OF AMOUNT OF WHITE SPOTTING 

1. The expresson of the complex of genes producing 
black-eyed white spotting (TVwss) is subject to modifica- 
tion by a gene or genes determining an increased amount 
of pigment and a decreased amount of white spotting. 
The normal range of black-eyed whites being from 100 to 
70 per cent. white dorsally, the addition of such darken- 
ing modifiers decreases the mean amount of white spot- 
ting in such a fashion that the range is extended to as 
low as 50 per cent. white. 

2. The expression of the gene for piebald spotting is 
subject to modification in the same direction and by the 
same gene or genes which modify the expression of black- 
eyed white. When these darkening modifiers are pres- 
ent in mice pure for piebald (ss) most of the mice are 
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about 10 per cent. or less white dorsally, while those with 
larger percentage of white are much rarer than among 
piebalds lacking the darkening modifiers. 

3. The genotype Ss ordinarily produces the self coat, 
but in the presence of an additional modifying gene pro- 
duces a small amount of white spotting on the ventral 
surface, varying in size from a few white hairs to 12 per 
cent. of that surface. 

MODIFIERS AFFECTING LOCALIZATiON OF WHITE SPOTTING 
IN PIEBALD MICE 

The presence of separate genes for certain localiza- 
tions of spotting in piebald mice has been suspected for 
some time. Fanciers, for instance, have given separate 
names to such types as "Dutch belted" mice and have 
claimed that they bred true to this condition, which re- 
sembles the Dutch belted pattern of cattle. Consequently 
when piebald mice showing distinct localization of white 
spotting in the pelt have been born in these experiments 
they have been saved for further study. 

The most striking of these localized spotting types 
has appeared sporadically in the piebald stock. From 
its appearance I have called it "white face" although 
it varies from a small blaze of white on the forehead to 
a white spot which covers the whole head back as far as 
the ears. The belly is spotted with white. as/ in ordinary 
piebalds. The strain of white face which has been iso- 
lated breeds true to this. condition, 8 matings of white- 
face by white face having produced 46 young, all of them 
white faced. The offspring of one pair of white faced 
mice which were brother and sister, have been inbred. 
brother to sister, for four generations; and there have 
been born in these matings to date 36 young, all white 
faced, and varying but little in the amount and distribu- 
tion of the white; spotting on the face. 

One other sub-type of piebald is perhaps also sep- 
arable. This is the type known as belted. It varies 
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from a wide white belt covering all of the back from 
shoulders to hind limbs (about 45 or 50 per cent. of 
the dorsal surface) down 'to a small spot located like- 
wise on the back within this same area. The rest of the 
dorsum including the face is colored. The belly is 
spotted with white as in ordinary piebalds. Several 
good examples of this type have been saved and a few 
matings have been made recently. Only two matings of 
belted by belted have produced young. All of these 
young (four in number) are belted,. with no spotting else- 
where on the dorsum. This is hardly a sufficient test of 
the separateness of this type, but more data are being 
accumulated. 

It seems fairly evident that the production of the pat- 
tern of piebald mice is due to a complex of genes modi- 
fying the expression of one main gene. It is probable 
that each such gene in the complex determines the non- 
development of pigment in one part of the pelage. As a 
means of testing these hypotheses and of separating, if 
present, the various causative factors, the inbreeding 
method advanced by East warrants a trial as the most 
likely to bring results. Piebald mice of several different 
types should be inbred and the inbreeding continued in 
the various lines, brother to sister, for seven or eight 
generations. This should result in the purification of 
the types by the elimination of heterozygotes, and the 
resulting pure recessives should exhibit, if present, the 
effects of the separate factors. Such inbreeding is now 
under way on the white face and on the belted types. 
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